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ValtrateAn efﬁcient regeneration system via adventitious shoot formation was developed in Valeriana ofﬁcinalis, an
importantmedicinal species. Regeneration response was signiﬁcantly inﬂuenced by the type and concentrations
of plant growth regulators as well as callus morphology. Optimum values for adventitious shoot–buds induction
in both leaf and petiole explants were obtained when organogenic calli with compact, nodular and yellowish
green phenotype was cultured in MS medium supplemented with 9.30 μM Kn and 2.26 μM 2,4-D. Well-
developed shoots was achieved on a hormone-free half strength (1/2) MS basal medium. In vitro rooting of
elongated shoots was tried on 1/2 MS medium supplemented with various concentrations of α-naphthalene
acetic acid (NAA) or indole-3-butyric acid (IBA). IBA at a concentration of 2.46 μM was found to be the best
rooting treatment, which promoted the highest frequency of rooting (98%). Successful acclimatization of rooted
plantlets was achieved in potting medium containing 5:1 mixture of peat and perlite with 95.34% survival rate.
The contents of valtrate and valerenic acid in biomass extracts from petiole-derived plants were signiﬁcantly
(P b 0.05) higher than leaf-derived plants as well as the seed-raised ﬁeld-grown plants. Maximum valtrate
(6.98 mg g−1 DW) and valerenic acids (3.02 mg g−1 DW) contents were quantiﬁed in root tissue of petiole-
derived plants raised on medium with higher concentration of Kn (9.30 μM) in combination with 2.26 μM
2,4-D. Random ampliﬁed polymorphic DNA (RAPD) analysis indicated no evidence of genetic variation in the
tissue culture-raised plants. The results suggest that the tissue culture-raised V. ofﬁcinalis plants are capable of
producing higher content of secondary metabolites under optimum in vitro conditions than that under natural
wild growth conditions.
© 2014 SAAB. Published by Elsevier B.V. All rights reserved.1. Introduction
The genus Valeriana, with about 200 species, belongs to the
Valerianaceae family and grows throughout the world, including Iran
(Piccinelli et al., 2004). Valeriana ofﬁcinalis L. (commonly called valeri-
an) is perennial ﬂowering herb and the most famous species of
Valeriana due to considerable medicinal properties. This plant contains
over 150–200 chemical constituents, including the essential oils and
their sesquiterpenoid derivatives (valerenic acids), epoxy iridoid esters
(valepotriates), alkaloids, ﬂavonoids and lignans which are mainly pro-
duced in the root and rhizome (Cramer et al., 2006). Among these con-
stituents, valerenic acids and valepotriates are often regarded as active
principles in valerian commercial and medicinal preparations and its
crude extract is widely used inmany countries (Houghton, 1999). Phar-
maceutical application of valerian is due to its sedative, anticonvulsant,g and Biotechnology, Faculty of
n. Tel.: +98 441 2973149; fax:
y Elsevier B.V. All rights reserved.hypnotic effects, and anxiolytic activity. Lately, the potential
cytoprotective effect of aqueous extract of V. ofﬁcinalis on human neuro-
blastoma cells has also been demonstrated (Madureira de Oliveria et al.,
2009). Poor seed production and low percentage of seed germination
are some of the problems of growth and mass propagation of this
plant (Kaur et al., 1999). Besides, wild populations of V. ofﬁcinalis are
currently at risk of rapid eradication and extinction because of irregular
grazing as well as immoderate picking up by endemic peoples for folk
medicine usage. Therefore, artiﬁcial propagationmethods are necessary
to conserve andmaintain the germplasm. Also, in vitro plant production
via direct and indirect morphogenesis has many potential applications
to medicinal plant species e.g. propagation of superior genotypes and
genotypic improvement via mutagenesis and/or genetic engineering,
respectively. In vitro culture and plant regeneration using different
routes has been reported in some Valeriana species such as Valeriana
wallichii (Mathur, 1992), Valeriana edulis ssp. Procera (Castillo et al.,
2000), Valeriana jatamansi (Kaur et al., 1999) and Valeriana
glechomifolia (Salles et al., 2002). However, very limited work on
in vitro propagation of V. ofﬁcinalis has been reported and there is only
one report on micropropagation of ofﬁcinalis species via direct
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the scientiﬁc literature currently available, there is no publication on
callus-based adventitious shoot regeneration. Many applied research
in plant cell and tissue culture area reported to use the technology for
large-scale production of medicinal plants and their bioactive com-
pounds. In vitro cultured cells, organs and regenerated plants,
synthesize, accumulate and sometimes exude many classes of second-
arymetabolites andnumerous secondarymetabolites have been report-
ed from in vitro cultures (Vanisree and Tsay, 2004). In dedifferentiated
cells, some biosynthetic potential typical for the developed organs from
which they were initiated can be conserved. Also, the super-efﬁcient
clones of cultured cell, tissues or mature plants can be selected by
monitoring the level of the compound of interest. The number of studies
has been reported for the in vitro production of valepotriates, e.g., hairy
root cultures of V. ofﬁcinalis L. var. sambucifolia Mikan (Granicher et al.,
1992), callus cultures of V. edulis ssp. Procera (Castillo et al., 2000),
V. glechomifolia (Maurmann et al., 2006) and V. jatamansi Jones (Das
et al., 2013). Although, valepotriate production has also been shown in
untransformed root cultures of V. ofﬁcinalis L. (Tousi et al., 2010),
there is no published report on the production of pharmaceuticals
from tissue culture-raised plants of this species.
The present research work is based on twofold objectives, viz., to
develop an efﬁcient and rapid propagation protocol of V. ofﬁcinalis for
large-scale production of uniform rawmaterials for future pharmaceuti-
cal compound extraction and to quantify the two industrially important
bioactive compounds (i.e. valerenic acid and valtrate) accumulated in
tissue culture-raised plants. Explant type and effective plant growth
regulators (PGRs) in development of plants with a greater amount of
bioactive compounds were determined. This present study also focused
on genetic ﬁdelity of selected regenerants.
2. Materials and methods
2.1. Plant material and establishment of aseptic seedlings
Seeds of V. ofﬁcinaliswere provided by PakanBazr Co. (Isfahan, Iran).
The seeds were surface-disinfected by immersion in 70% (v/v) alcohol
for 1 min and in 1.5% (v/v) commercial bleach (5.5% sodium hypochlo-
rite) for 15 min, followed by three rinses with sterile distilled water for
5 min each. Disinfected seeds were inoculated in sterile culture bottles
(80 × 120 mm) containing 40 ml MS (Murashige and Skoog, 1962)
basal medium, with 3% (w/v) sucrose, and 0.7% (w/v) agar. The asepti-
cally grown seedlings were used as the source of explants to initiate cell
cultures.
2.2. Culture conditions
The basal culture medium used throughout the experiments
consisted of MS salts and B5 (Gamborg et al., 1968) vitamins with 3%
(w/v) sucrose, and 0.7% (w/v) agar. Variants of the medium were
adjusted to pH 5.8 and autoclaved at 121 °C and 105 kPa for 15 min.
All cultures were incubated in the growth chamber at temperature
of 24 ± 2 °C, 50–60% relative humidity and a 16/8-h light/dark
photoperiod with a photosynthetic photon ﬂux density (PPFD) of
60 μmol m−2 s−1 provided by cool daylight ﬂuorescent lamps.
2.3. Callus and adventitious shoots induction
Leaves and petioles of the 30-day-old aseptic seedlings were used as
initial explants. Two independent experiments were carried out to
investigate the effects of different PGRs on callus and shoot induc-
tion. In the ﬁrst experiment, the explants were cultured on MS
basal medium supplemented with different concentrations (4.65,
9.30 or 13.95 μM) of Kinetin (Kn, Duchefa K0905) in combination
with 2,4-dichlorophenoxyacetic acid (2,4-D, Duchefa D0911) at 2.26,
4.52 or 6.78 μM. In the second experiment, the explants were culturedon MS basal medium fortiﬁed with different concentrations (2.27,
4.54, 6.81 or 9.08 μM)of thidiazuron (TDZ; Duchefa T0916) in combina-
tion with 2,4-D at the same concentrations of ﬁrst experiment. A
PGR-free medium was used as control set. After 3 weeks, the primary
calli were transferred to the same medium with an addition of
250 mg l−1 casein hydrolysate (CH, Duchefa C1301) and the cultures
were maintained along two subcultures by regular subculture at
3week intervals on freshmedium forwell development of organogenic
calli (OC). Finally, OC containing adventitious shoot buds (SBs) induced
by the best PGR treatments (Tables 1 and 2) were considered to
transfer on different regeneration media [containing PGR-free half-
strength (1/2) MS basal medium or supplemented with 0.91 μM TDZ
or 0.93 μM Kn in combination with 0.54 μM α-naphthalene acetic acid
(NAA, Duchefa N0906)] to promote adventitious shoot formation.
Data on callus induction, organogenic callus fresh weight (OCFW),
adventitious SB induction and shoot regeneration were recorded 3, 6,
6, and 3 weeks after culture initiation on callus induction, OC formation
and shoot regeneration media, respectively.2.4. Rooting of the shoots and acclimatization of the plantlets
Well-developed regenerated shoots (20–30 mm in length) were
excised from cultures and were transferred to rooting on 1/2 MS basal
medium or supplemented with different concentrations of indole-
3-butyric acid [IBA (Duchefa I0902); 2.46, 4.92, and 7.38 μM] or NAA
(2.68, 5.38, and 8.05 μM). After 3 weeks of culture, the rooting percent-
age, number of roots and length of roots per rooted plantlet were
recorded.
For ex vitro acclimatization, plantlets with well-developed root
system were taken out from the culture vessels, washed properly
under running tap water to remove the remnants of agar, transferred
to plastic pots containing different mixtures of disinfected potting
substrates (Table 3) and covered with a transparent perforated plas-
tic bag to maintain high humidity. The potted plantlets were kept
inside the culture room for 3 weeks and subsequently transferred
to a greenhouse. The cover was gradually opened (2 h on the 1st
days, 3 h on the second day and so on) during a one-week period
and, at the end of the week, completely removed. Survival rate and
height of acclimatized plants were recorded 6 weeks after initiation
of potting.2.5. High performance liquid chromatography (HPLC) and quantiﬁcation of
valtrate and valerenic acid
Forty-day-old tissue culture-raised greenhouse-grown plants as
well as seed-raised ﬁeld-grown plants as control were used for metab-
olites analysis. Root tissues from the plants were separated and
freeze-dried. All samples were powdered and stored at−20 °C, until
analysis. Extraction of valtrate and valerenic acid from 200 mg plant
sample was performed according to the procedure described by Tousi
et al. (2010).
The HPLC analysis was performed in Waters Alliance 2690/2695 LC
system with Waters 2996 PDA detector. The analyses were carried out
on a C18 column (4 lm, 3.9 × 150mm i.d.) (Waters Nova-Pack) adapted
to a guard column C18 (3.9 × 20 mm) (Waters Nova-Pack); mobile
phase of acetonitrile (CH3CN)/H2O, 50:50 (v/v) with ﬂow rate of
1 ml min¯1; valtrates and valerenic acid were detected at 254 and
224 nm, respectively. Calibration curves were constructed separately
for valtrates, and valerenic acid using solutions at the following
dilutions: 10, 20, 40, and 80 μg ml−1 in CH3CN. Calibration plots were
generated bymeasuring their respective peak areas. Twentymicroliters
of the samples was injected into the HPLC and all determinations were
done in triplicate. Values were expressed in terms of mg g−1 dryweight
(DW).
Table 1
Effects of different concentrations and combinations of Kn and 2,4-D on callogenesis and adventitious shoots induction from in vitro-derived leaf and petiole explants of V. ofﬁcinalis.
Explant type PGRs+ (μM) Callus induction (%) Callus morphology OCFW (mg) Number of shoot bud/explant
Kn 2,4-D
Leaf Control – – – –
4.65 2.26 100.0 ± 0.0 Type I 400.0 ± 5.6a 111.6 ± 4.2a
4.52 100.0 ± 0.0 Type II 200.0 ± 2.4c 40.9 ± 1.6c
6.78 100.0 ± 0.0 Type II 190.0 ± 3.1c 30.1 ± 2.16d
9.30 2.26 100.0 ± 0.0 Type I 195.0 ± 5.3c 128.8 ± 4.4a
4.52 100.0 ± 0.0 Type II 350.0 ± 2.4b 64.2 ± 2.7b
6.78 100.0 ± 0.0 Type II 180.0 ± 4.1cd 52.7 ± 0.9b
13.95 2.26 100.0 ± 0.0 Type II 140.0 ± 2.8e 23.2 ± 0.2de
4.52 100.0 ± 0.0 Type III 162.0 ± 1.5d 17.7 ± 0.4e
6.78 100.0 ± 0.0 Type III 150.0 ± 3.6de 18.7 ± 0.6 e
Petiole Control – – – –
4.65 2.26 98.0 ± 2.1a Type I 402.0 ± 4.3a 109.0 ± 2.5a
4.52 65.0 ± 0.7c Type II 177.0 ± 2.1d 39.4 ± 1.7c
6.78 71.0 ± 2.1c Type II 220 .0 ± 5.1c 23.2 ± 0.5d
9.30 2.26 82.0 ± 3.2b Type I 275.0 ± 2.2b 123.6 ± 6.1a
4.52 55.0 ± 2.8d Type II 295.0 ± 4.7b 58.4 ± 2.1b
6.78 51.0 ± 1.5d Type II 215.0 ± 1.9c 53.9 ± 3.9b
13.95 2.26 10.0 ± 0.8f Type III 35.0 ± 1.1f 15.9 ± 0.8d
4.52 33.0 ± 2.3e Type III 82.0 ± 3.9e 12.7 ± 0.2e
6.78 30.0 ± 0.1e Type III 87.0 ± 4.7e 12.1 ± 0.3e
‘–’ (No response), + (In addition to PGRs, 250 mg l−1 casein hydrolysate was also added to subculture media), Type I (compact, nodular, yellowish green), Type II (compact, slightly
nodular, light green), Type III (slightly friable, wet-looking surface, whitey-green and somewhat crystalline), OCFW (organogenic callus fresh weight). Values are mean ± standard
error (SE) from three repeated experiments (n= 4). Means within a column followed by the same letter are not signiﬁcantly different according FLSD test at the 0.05 level of probability.
Bold data indicated for the best media compositions.
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Five randomly selected 60-day-old tissue culture-raised greenhouse
grown plants containing a high level of themetabolites and seed-raised
ﬁeld-grown plant were subjected to randomly amplify polymorphic
DNA (RAPD) analysis using 15 decamer arbitrary primers (OPA 1–15,
Operon Technologies Inc., Germany). Total genomic DNA was isolated
using modiﬁed CTAB method as described by Doyle and Doyle (1990).Table 2
Effects of different concentrations and combinations of TDZ and 2,4-D on callogenesis and adv
Explant type PGRs+ (μM) Callus induction (%)
TDZ 2,4-D
Leaf Control –
2.27 2.26 100.0 ± 0.0
4.52 100.0 ± 0.0
6.78 100.0 ± 0.0
4.54 2.26 100.0 ± 0.0
4.52 100.0 ± 0.0
6.78 100.0 ± 0.0
6.81 2.26 100.0 ± 0.0
4.52 100.0 ± 0.0
6.78 100.0 ± 0.0
9.08 2.26 100.0 ± 0.0
4.52 100.0 ± 0.0
6.78 100.0 ± 0.0
Petiole Control –
2.27 2.26 100.0 ± 0.0
4.52 100.0 ± 0.0
6.78 100.0 ± 0.0
4.54 2.26 100.0 ± 0.0
4.52 100.0 ± 0.0
6.78 100.0 ± 0.0
6.81 2.26 100.0 ± 0.0
4.52 100.0 ± 0.0
6.78 100.0 ± 0.0
9.08 2.26 100.0 ± 0.0
4.52 100.0 ± 0.0
6.78 100.0 ± 0.0
‘–’ (No response), + (In addition to PGRs, 250 mg l−1 casein hydrolysate was also added to s
nodular, light green), Type III (slightly friable, wet-looking surface, whitey-green and somew
error (SE) from three repeated experiments (n= 4). Means within a column followed by the sa
Bold data indicated for the best media compositions.Polymerase chain reaction (PCR) ampliﬁcations were performed in a
20-μl PCR reaction using AccuPower PCR PreMix (Bioneer, USA), and
40 ng DNA. Ampliﬁcation was carried out in a Bio-Rad thermocycler
(Bio-Rad Laboratories Inc., Hercules, CA, USA). After initial denaturation
at 94 °C for 5 min, PCR was run for 39 cycles consisting of a denatur-
ation step (1 min), a 35 °C primer annealing step (1min) and 72 °C am-
pliﬁcation (1.5 min) step, at the end, ﬁnal ampliﬁcation was appended
(72 °C) for 7 min. Ampliﬁed DNA was loaded on 1% agarose gel in TAEentitious shoots induction from in vitro-derived leaf and petiole explants of V. ofﬁcinalis.
Callus morphology OCFW (mg) Number of shoot Bud/explant
– – –
Type III 370.0 ± 5.1e 27.5 ± 1.4h
Type III 540.0 ± 3.2c 29.5 ± 0.9h
Type II 450.0 ± 2.5d 40.7 ± 1.3g
Type II 560.0 ± 4.7c 48.5 ± 3.7f
Type II 790.0 ± 4.2a 55.5 ± 2.3ef
Type I 640.0 ± 3.7b 95.3 ± 4.3a
Type I 570.0 ± 3.1c 87.0 ± 1.5ab
Type I 550.0 ± 2.7c 78.4 ± 3.1bcd
Type I 401.0 ± 2.2de 101.0 ± 2.3a
Type II 540.0 ± 5.1c 64.1 ± 1.9de
Type II 510.0 ± 3.4c 72.7 ± 3.8cd
Type I 490.0 ± 2.9cd 89.7 ± 2.7ab
– – –
Type III 500.0 ± 6.2bc 12.5 ± 1.1e
Type II 200.0 ± 2.6f 33.7 ± 1.4cd
Type II 450.0 ± 3.7bcd 42.4 ± 0.4c
Type II 430.0 ± 4.2bcd 37.1 ± 0.7c
Type II 820.0 ± 7.5a 35.8 ± 2.1c
Type I 370.0 ± 5.1cde 63.5 ± 3.3a
Type III 440.0 ± 3.9bcd 21.4 ± 0.4d
Type III 710.0 ± 7.1a 12.4 ± 0.2e
Type I 530.0 ± 4.6b 65.8 ± 3.6a
Type II 270.0 ± 6.1ef 42.9 ± 3.1c
Type III 560.0 ± 2.1b 21.2 ± 0.2c
Type I 560.0 ± 3.5b 53.9 ± 1.4b
ubculture media), Type I (compact, nodular, yellowish green), Type II (compact, slightly
hat crystalline), OCFW (organogenic callus fresh weight). Values are mean ± standard
me letter are not signiﬁcantly different according FLSD test at the 0.05 level of probability.
Table 3
Effect of soil substitute on size and survival of tissue culture-raised valerian plants after
6 weeks in the greenhouse.
Substrate Survival (%) Plant height (cm)
Peat 87.64b 19.16c
Peat + perlite (3:1) 91.17ab 24.19b
Peat + perlite (5:1) 95.32a 31.87a
Peat + vermiculite (1:1) 82.24c 18.71c
Data are the mean values from two repeated experiments of 12 replicates. Each means
with different letters within a column are signiﬁcantly different from each other at
P b 0.05 according to FLSD test.
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tion system.2.7. Statistical analysis
Each treatment consisted of at least 32 cultures (Four replications
with 8 explants per replicate) and all experiments were repeated
three times. Observations on the callus induction, number of induced
shoot-buds and regeneration rate were scored after a regular interval.
Factorial analysis of variance (ANOVA) was performed on the data
with the General Linear Model procedure (SAS Inc, USA). Means differ-
ing signiﬁcantly were compared using Fisher's least signiﬁcant differ-
ence (FLSD) at a 5% probability level.Fig. 1. Callus induction and indirect adventitious shoot regeneration from leaf and petiole e
with TDZ+ 2,4-D, (b) Organogenic callus containing adventitious shoot buds (SBs) develo
(c) Regenerated shoots developed on the surface of callus derived leaf explant; (d)
(e) Organogenic callus containing adventitious SBs developed on the same induction med
of callus derived petiole explant. Scale bars = 2 mm.3. Results and discussion
3.1. Effects of PGRs on callus and adventitious shoots induction
In the ﬁrst experiment, the successful induction of callus (Fig. 1a and
d) was observed at cut surfaces of the explants within two weeks
regardless of concentrations of PGRs (Kn + 2,4-D), whereas the callus
initiation did not occur without PGRs (control). Callus morphology
was different between the two explant types dependent on the
PGR concentrations/combinations and three types of callus could be
recognized by color (creamy green, light or dark green) and texture
(compact, nodular and friable) that were classiﬁed as types I to III
(Table 1). After three weeks of callogenesis, when the calli were
subcultured on the initial inductionmedium,multiple shoot bud stature
(Fig. 1b and e) appeared. In the leaf explants, callus induction appeared
with all PGR treatments (100%). But, degree of callus forming on
petiole explants varied between concentrations/combinations of PGRs
(Table 1). Previous studies have been suggested that the organogenic
potential is related to callus structure and compact calli are important
in the in vitro cultures as they have ability for organogenesis (George
and Sherrington, 1984; Das et al., 2013). They are more efﬁcient to
develop chlorophyll than friable calli from the same explants; this
might be due to the chloroplast development and integrity favored by
cell aggregation (George and Sherrington, 1984). This ﬁnding is consis-
tent with our result that type I callus (compact, nodular, yellowish
green) in both leaf and petiole explants showed the highest regenera-
tive capacity (Table 1). Type I callus was usually formed on mediumxplants of V. ofﬁcinalis. (a) Leaf-derived callus induced on MS medium supplemented
ped on MS medium supplemented with TDZ+ 2,4-D with adding casein hydrolysate,
Petiole-derived callus induced on MS medium supplemented with Kn + 2,4-D,
ium with adding casein hydrolysate, (f) Regenerated shoots developed on the surface
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ing to George and Sherrington (1984), cell differentiation and morpho-
genesismay be promotedby insufﬁcient oxygen environment such as in
compact calli. They reported that due to this factor, friability of callus is
mostly associated with somatic embryogenesis while compact callus
can be readily used for adventitious shoot formation. Das et al. (2013)
have reported adventitious shoot bud induction without somatic
embryogenesis in compact calli of V. jatamansi. In consistent with
them, in our study, highest adventitious shoot regeneration occurred
with compact type of calli.
In both of explants, OCFW values were signiﬁcantly inﬂuenced
by concentrations and combinations of PGRs (Table 1). Maximum
mean OCFW for leaf-derived OC (400 mg) and petiole-derived OC
(402.0 mg) was recorded at the lowest concentrations of Kn (4.65 μM)
and 2,4-D (2.26 μM). 2,4-D either alone or in combination with a
cytokinin is routinely used for callus induction from various explants
in Tridax procumbens (Wani et al., 2010) and Clitoria ternatea (Kumar
and Thomas, 2012). In the present study, it was revealed that the MS
medium supplemented with lower concentration of 2,4-D (2.26 μM)
was the best for higher rate of OC formation. A similar result has also
been reported in Glycyrrhiza glabra by Fu et al. (2010). 2,4-D has been
reported to induce genetic variability in different plant species
(Gesteira et al., 2002). Hence, low concentrations of 2,4-D are recom-
mended. 2,4-D also promotes the development of abnormal cotyledons,
resulting in arrested plant regeneration as has been reported in
Schisandra chinensis (Yang et al., 2011). This ﬁnding ran contrary to
the present study where any abnormalities were not detected in
microshoots even with a nearly high-concentration of 2,4-D (6.78 μM)
used.
In the second experiment, leaf and petiole explants cultured on
media supplemented with various combinations of TDZ and 2,4-D also
showed callogenesis at the cut regions of the explants and OC was
formed in all of PGR treatments after an additional twoweeks of subcul-
ture in the samemedia (Fig. 1d–f). The growth rate of OCwas statistical-
ly different (P b 0.05) between PGR treatments in both leaf and petiole
explants (Table 2). The maximum OCFW was obtained at 4.54 μM TDZ
in combination with a middle concentration of 2,4-D (4.52 μM) in leaf
(790mg) and petiole (820mg) explants and it was considerably higher
in comparison with the maximum weight (400 mg) of OC formed on
medium with a lowest concentration of Kn and 2,4-D (Table 1). No
reasonable relationship between OCFW values and the callus types
was found, contrary to the ﬁnding of the previous experiment. Howev-
er, similar to the results of ﬁrst experiment, in both leaf and petiole
explants, the highest regeneration potential was observed in type I
calli induced on medium with TDZ + 2,4-D treatments (Table 2).
OC upon regular subculturing on the same initial induction medium
with an addition of 250 mg l−1 CH showed various typical multiple SBs
(Fig. 1b and e), however, the occurrence and growth of SBs were
asynchronous. Impressiveness of CH on OC and multiple shoot induc-
tion has been reported in Cucumis sativus (Ahmad and Anis, 2005)
and Saccharum ofﬁcinarum (Nasir et al., 2011). Signiﬁcant (P b 0.05)
difference was found between different concentrations of PGRs in
terms of mean number of induced SBs (Tables 1 and 2). Consistently,
higher frequency of SBs was obtained in treatment with the lowest
concentration (2.26 μM) of 2,4-D in combination with middle concen-
tration (9.30 μM) of Kn in both types of explants and increased concen-
trations of 2,4-D led to decrease signiﬁcantly the number of shoot buds.
Whereas, TDZ stimulated the maximum rate of SB induction when
combined with a higher level of 2,4-D (6.78 μM). In the present study,
no signiﬁcant difference (P b 0.05) was observed in adventitious shoot
formation capability of the explants when Kin was as cytokinin source
(Table 1), but this response differed in TDZ-supplemented media
(Table 2). Dependence of the potential of adventitious shoot bud induc-
tion on explant type has also been reported in Chinese jiaotou (Yan et al.,
2009) and V. jatamansi (Das et al., 2013). A suitable combination of
auxins and cytokinins is important for indirect adventitious shootinduction. In the present study, combination of cytokinins (TDZ or Kn)
with a auxin like PGRs (2,4-D) encouraged an efﬁcient indirect shoot
bud induction in both explants of V. ofﬁcinalis. Synergistic effects of
auxin and cytokinin on shoot regeneration fromcalli were also observed
in Cynondon dactylon (Zhang et al., 2007), Ipomoea obscura (Mungole
et al., 2009), and V. jatamansi (Das et al., 2013). Several reports suggest
that TDZ results of shoot regeneration are better than the results from
other cytokinins and TDZ-induced morphogenesis probably depends
on the levels of endogenous growth regulators, as TDZ modulates the
endogenous auxin levels (Huetteman and Preece, 1993; Murthy et al.,
1998; Khurana et al., 2005). However, our results showed the superior
effect of Kn than TDZ for a higher rate of adventitious SBs induction in
both the explants of V. ofﬁcinalis (Tables 1, 2), as opposed to the results
of Das et al. (2013) in V. jatamansi.
Conversion of SBs into well regenerated shoots (Fig. 1c and f) was
gained on all three regeneration medium nearly within two weeks.
Shoot regeneration frequency was not signiﬁcantly different between
PGR free-medium and medium supplemented with TDZ and NAA,
whereas, signiﬁcant difference (P b 0.05) was found with medium
containing Kn and NAA (Fig. 2a-d). In both leaf and petiole explants,
the mean regeneration rate was higher on PGR-free medium (84.72%)
or TDZ + NAA-supplemented medium (78.81%), and was lowest
(61.18%) on Kn+ NAA-supplemented medium, although, no statistical
differenceswere observed between the regenerationmedia from regen-
eration rate of view. It seems that elimination or reduction of PGRs to
the lowest concentration in the current study is the main reasons for
plentiful conversion of SBs into plantlets and well growth of them. It
can be explained as that after regeneration, the shoots potentially
have the capability to synthesize their own PGRs for successive function
during further development and elongation. Also, the addition of NAA at
low concentration with a lower level of TDZ-supplemented medium
enhanced the regeneration frequency with more number of shoot
response in comparison to Kn-supplemented medium. In this regards,
Das et al. (2013) have reported a signiﬁcant decrease in indirect shoot
regeneration of V. jatamansi in the case of medium supplemented
with cytokinin alone than in combination with auxin.
For well development of root system, elongated shoots were trans-
ferred to a 1/2 MS basal medium with different concentrations of IBA
or NAA supplementation. Although, both the auxins led to plantlet
rooting, IBA was found to be the best for root induction (Fig. 3). No
root was observed in control treatment (a PGR-free medium). Rooting
frequency, the number of roots per shoot and root length were highly
inﬂuenced by type and concentration of auxin. Signiﬁcant (P b 0.05)
difference was found between different concentrations of both the
auxins and increasing auxin concentration which promoted greatly
thenumber of induced roots,whereas reduced steadily rooting frequen-
cy and root length (Fig. 3a–c). The highest frequency of rooting (98%)
withmaximumaverage of root length (6.84 cm) andmaximumnumber
of roots per shoot (14.2 roots) was obtained when the plantlets were
cultured in rooting medium containing 2.46 μM or 7.38 μM IBA, respec-
tively. Although the media containing NAA also resulted in a good-root
system formation, the rooting response was not as good as that in the
IBA-containingmedia. High concentrations of auxin inhibit root elonga-
tion and instead enhance adventitious root formation. The reason for
these differences in root inducing ability may be the slow and continu-
ous release of IAA from IBA (Liu et al., 1998) that is required for normal
growth of root meristemoids as the root formation proceeded (Garcia
et al., 1994). Our results conform to previous reports (Li et al., 2006;
Goel et al., 2009; Erisen et al., 2010) on the effectiveness of IBA as
compared to NAA in promoting higher number of longer roots. In the
present study, the lowest concentration (2.46 μM) of IBA was consid-
ered as an optimal concentration for a well-developed root system
due to the induction of an acceptable root number and longer roots
(Fig. 3a) that resulted in better acclimatization and survival of plantlets.
The inferior effect of NAA on the root number may be due to the reason
that NAA that is more persistent than IBA, remains present in the tissue
Fig. 2. Effect of regeneration media on shoot regeneration on leaf/petiole derived-organogenic callus (OC) induced by the best PGRs treatments in V. ofﬁcinalis. (a, b) shoot regeneration
frequency in leaf-derived OC induced onMS medium supplemented with the best concentrations (Tables 1 and 2) of Kn+ 2,4-D or TDZ+ 2,4-D, respectively; (c, d) shoot regeneration
frequency in petiole-derivedOC induced onMSmediumsupplementedwith the best concentrations of Kn+ 2,4-D or TDZ+ 2,4-D, respectively. Error bars represent the standard error of
the mean of three repeated experiments. Means with the same letter are not signiﬁcantly different according FLSD test at the 0.05 level of probability.
Fig. 3. Effect of different concentrations of IBA orNAA in a 1/2MSmedium on root development of tissue-culture raised shoots of V. ofﬁcinalis. Error bars represent the standard error of the
mean of three repeated experiments. Means with the same letters are not signiﬁcantly different (P b 0.05) according to FLSD test.
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Fig. 4. Growth, rooting and ex vitro acclimatization of in vitro-derived plantlets of
V. ofﬁcinalis. (a) Well growth of regenerated plantlets on a PGR-free MS medium,
(b) Young plantlets with well-developed root systems on 1/2 MS medium supplemented
with IBA, (c) Acclimatized plant growing under greenhouse condition after 40 days of
transfer to pot. Scale bars a, b = 30 mm, c = 60 mm.
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et al., 1999; Nanda et al., 2004). The superior effects of IBA on root
elongation as compared to NAA might be due to the several factors,
such as its preferential uptake, transport, metabolization and subse-
quent gene activation (Muller, 2000).
After 3 weeks, plantlets with a well-developed root system (Fig. 4b)
were subjected to acclimatization experiment. The results revealed that
different potting mixtures had signiﬁcant effect on survival and growth
of plants (Table 3). Acclimatization was especially successful with the
combination of peat moss and perlite (5:1), showing 95.34% survival
rate. Largest plants (31.87 cm) were also obtained with this soil substi-
tutes. Acclimatized plants were very uniform and continued to grow;
showing the development of new leaves (Fig. 4c) and did not show
any visible morphological abnormalities from the greenhouse grown
seed-raised plants.
Although vermiculite when combined with peat moss improves
rooting efﬁciency and produces roots with abundant lateral branches
(Kaity et al., 2009), perlite is also an important commodity in thepotting
mixture when mixed with peat moss. The addition of perlite to peat
moss increases the amount of air (oxygen) held in the peat moss, as
well as the amount of water retained by the peat moss. This manifestly
improves the growing conditions for plants (Donahue andMiller, 1990;
Ravanfar et al., 2011).3.2. Valtrate and valerenic acid contents of regenerated plants
There are great interests for therapeutic uses of valepotriates and
valerenic acids in V. ofﬁcinalis. All other therapeutically used plants
came from ﬁeld collections, which means that their supply was limitedand uncertain (Tousi et al., 2010). At the present study, the metabolite
content varied signiﬁcantly (P b 0.05) between the plants according to
the type and concentration of cytokinin as well as explant type used
in callus-based regeneration (Fig. 5). The petiole explant-derived plants
regenerated on medium supplemented with Kn showed signiﬁcant
difference (P b 0.05) with seed-raised ﬁeld-grown plants in content of
the metabolites measured. Maximum valerenic acids and valepotriate
contents in roots developed on petiole and root basal explants of
V. ofﬁcinalis is also reported by Tousi et al. (2010). In agreement with
our results, in the studies carried out in V. glechomifolia (Salles et al.,
2002) and V. ofﬁcinalis (Tousi et al., 2010), the levels of valepotriates
and valerenic acids in in vitro tissue cultures were higher than those
found in wild populations and ﬁeld grown plants. The heterogeneity
of explants as a starting plant material in secondary metabolite accumu-
lation has also been proved in other plant species (Sakunphueak and
Panichayupakaranant, 2010; Zhang et al., 2011). At the present study,
the greenhouse-grownplants raisedon callus inductionmediumcontain-
ing Kn had a higher content (mean values, 3.86/6.07 mg g−1 DW) of the
metabolites in comparison to that of raised on TDZ-containing media
(mean values, 1.59/3.25 mg g−1 DW) (Fig. 5), indicating more beneﬁcial
of Kn to valtrate/valerenic acid formation than TDZ in V. ofﬁcinalis in vitro
cultures. The highest levels of both of the metabolites were detected in
root tissues of petiole-derived plants raised on callusmediumwith higher
concentration of Kn (9.30 μM). The effect of composition and contents of
growth regulators in culture media on the accumulation of secondary
metabolites in in vitro cultures is well known and these effects
varied signiﬁcantly according to the cytokinin and species (Maurmann
et al., 2006; Coste et al., 2011). Our results conﬁrmedmore positive effect
of Kn compared to TDZ in indirect organogenesis, and biosynthesis
of secondary metabolites in V. ofﬁcinalis. Enhanced accumulation of
valepotriates in V. glechomifolia in vitro cultures using Kn (Maurmann
et al., 2006) and its positive effect in contrast with negative effect of
TDZ on biosynthesis of secondary metabolites in V. glechomifolia has
also been reported (Coste et al., 2011).
3.3. Clonal identity analysis
The present study was conducted to screen tissue culture induced
genetic variations (if any) in high level valerenic acid-accumulated
plants employing RAPD assay. Of the 15 RAPD primers used for screen-
ing, only 4 primers (OPA-3, 5, 8, and 12) produced reproducible and
scorable bands. These primers generated 104 ampliﬁcation products
ranging from 200 to 1400 bp. The number of bands for each primer
varied from 3 to 8. The results showed no differences between the
plants raised from in vitro cultures (Fig. 6a, b). They, however, showed
a slight variance in only one electrophoresis band, produced by OPA-8
primer, with seed-raised ﬁeld grown plant. In consistent with this
genetic variation, a signiﬁcant difference of these plants with seed-
raised plants was found from the metabolite content point of view
(Fig. 5). The results indicated that tissue culture-raised plants had
higher genetic stability than did the seed-propagated plants. Such result
was also reported in somatic embryogenesis-derived plants of
S. chinensis (Yang et al., 2011). The most widely used procedure for
evaluating the patterns of existing genetic variations in in vitro cultures
are molecular methods such as random ampliﬁed polymorphic DNA
(RAPD) analysis, because it is quick, easy to perform, and does not
require radioactive materials (Goel et al., 2009; Mishra et al., 2011;
Yang et al., 2011).
4. Conclusions
In the present study, we developed a more efﬁcient protocol for
in vitro propagation of V. ofﬁcinalis via indirect adventitious shoots
formation. This protocol could prove useful in future efforts to genetic
transformation and improvement of this important medicinal plant.
The results presented the biochemical potential of in vitro propagated
Fig. 5. (a) Chromatogram of valerenic acid and valtrate extracts from root tissue of petiole-derived plant (PDP) regenerated on MS medium supplemented with 9.30 μM Kn as cytokinin
source, (b) Valtrate and valerenic acid contents in root tissue of selected leaf/petiole-derived greenhouse-grown plants and seed-raised ﬁled-grown plants. LDP/PDP-TDZ or -Kn (plants
regenerated on leaf or petiole-derived callus cultured inmedium containing different concentration of TDZ or Kn in combinationwith 2.26 μM2,4-D), SFP (seed-raisedﬁeld grown plant).
Error bars represent the standard error of the mean of three replications. Means with the same letter are not signiﬁcantly different according FLSD test at the 0.05 level of probability.
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two bioactive compounds in valerian commercial and medicinal
preparations.Fig. 6. RAPD analysis of tissue culture-raised greenhouse-grown plants using random
primers OPA-3 (a) and OPA-8 (b). M: 1 Kb plus DNA ladder (Fermantas), 1–5: tissue
culture-raised plants containing high-level of bioactive compounds, 6: seed-raised ﬁled
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